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(54) Receiver comprising intermodulation interference detection means 



(57) Receiver comprising anatog signal processing 
means (1-9) and intennodulation interference detection 
means (10-15) for detecting intermodulation interfer- 
ence occurring in said analog signal processing means 
(1-9). According to the invention the gain of said analog 
signal processing means (1 -9) is modulated with a gain 
modulation signal. The amplitude variation of the output 
signal of the anatag signal processing means (1-9) due 
to said gain nrwdulation signal is detected and supplied 



to a first input of a correlator (1 2). The gain modulation 
signal is also supplied to a second input of the correlator 
(12). The correlator (12) causes an intermodulation in- 
terference indicative signal to occur at a detection of dif- 
ferences in relative amplitude variations of the output 
signal of level detecting means (1 3.1 4) at the first termi- 
nal of the intemrxxiulation interference detection means 
(10-15) on the one hand and the gain modulation signal 
at the second terminal of the intemiodulation interfer- 
ence detectkxi (10-15) means on the other hand. 
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Description 




[0001] The invention relates to a receiver comprising 
analog signal processing means and intermodulation in- 
terference detection means for detecting intermodula- s 
tion interference occurring in said analog signal 
processing means. 

[0002] Such a receiver is on itself known from US pat- 
ent 4,654,884. The radio receiver disclosed therein, 
comprises analog signal processing means such as a io 
tuner and an IF amplifier, followed by internrK)dulation 
interference detection means included in an automatic 
gain control circuit. In the intenmodulation interference 
detection means, intermodulation interference is detect- 
ed by comparing the signal level within the bandwidth is 

-of-a-wanted-radio-channel-with-that-of-radiotchannels 

deviating from the wanted radio-channel by frequency 
distances allowing intemrxxJulatlon interferences to oc- 
cur within the wanted radio-channel. The frequencies of 
those radio-channels, hereinafter indicated as interfer- 20 
ing radio-channels, are derived from the frequency re- 
lationship, which is typical for the order of harnnonic dis- 
tortion considered. For instance, for third harnxxiic in- 
termodulation interferences f0=2f 1±f2, in which fO is the 
carrier frequency of the wanted channel and in which f 1 2S 
and f 2 are the carrier frequencies of third order harnrxxiic 
interfering radio-channels. An intemrKxiulation interfer- 
ence indicative signal is generated when the signal level 
of wanted radio-channel becomes smaller then the sig- 
nal level of one of the interfering channels. 30 
[0003] However, to measure the signal level of an in- 
terfering channel, the receiver has to interrupt its.correct 
tuning position, in which a wanted radio-signal is re- 
ceived, and to switch over its tuning to the interfering 
channels. To avoid the switching of the tuning and the ^ 
reception of interfering signals during level detection 
from being heard, the receiver has to be muted. To come 
to a reliable level detection, the period during which the 
receiver has to stay tuned to said interfering channel, 
has to exceed a certain level detection time constant, 40 
therewith defining a minimum duration to the mute pe- 
riod. Furthermore, especially when the receiver is used 
in a fast changing environment, e.g. when being nrKXjnt- 
ed on a moving object such as an automobile, the inter- 
ference channel level check has to be carried out rather ^5 
frequently, therewith putting a minimum repetitfon 
putting frequency to the mute actions. This all strongly 
deteriorates the overall receiver perfomiance. 
[0004] It is a first object of the present invention to pro- 
vide a receiver comprising intermodulation interference ^ 
detection means for detecting intermodulation interfer- 
ence caused by non-linearities in the gain of analog sig- 
nals when being processed, e.g. in amplifiers, modula- 
tors, correlators, etc. and occurring within the bandwidth 
of a wanted radio channel, which is more accurate and 55 
alert than the one disck)sed in the above referenced US 
patent. 

[0005] A second object of the invention Is to provide 



intermodulation interfere^^lection means which do 
not necessitate to interrupt processing of the useful ra- 
dio signal. 

[0006] A receiver of the above referred type according 
to the invention is therefore characterized in that an out- 
put of the analog signal processing means is coupled 
through frequency selective means for channel selec- 
tion and level detecting means to a first temninal of said 
intermodulation interference detection means, a signal 
generator for generating a gain modulation signal being 
coupled to a gain control terminal of said anabg signal 
processing means as well as to a second terminal of the 
intermodulation interference detection means, the riter- 
nrKxJulation interference detection means comprising a 
correlator supplying an intennodulation interference in- 
-dicalive-signal-atadetection-of-differences-in^relative-. 
amplitude variations of the output signal of the level de- 
tecting means at the first temninal of the ffitennodulation 
interference detection means on the one hand and the 
gain modulation signal at the second terminal of the in- 
termodulation interference detection means on the oth- 
er hand. 

[0007] A variation of the gain of the anatog signal 
processing means will cause the level of the useful sig- 
nal to vary linearly with saki gain variation, whereas in- 
termodulation interference components will vary to a 
second or higher order with saki gain varation. Accord- 
ing to the inventkxi, this difference in gain variation is 
used to detect whether the output signal level of the an- 
alog signal processing means is predominated by the 
useful signal or by intermodulation interferences. The 
occurrence of a signal level at the output of the anak>g 
signal processing means varying disproportionally. i,e. 
to a second or higher order, with a gain variation of the 
analog signal processing means, is accurately detected 
In the con-elalor, becoming apparent in the generation 
of an IntermodulatkDn interference indicative signal. 
Furthermore, the intentKxJulatbn interference detection 
according to the invention is applied during correct tun- 
ing at a wanted radto-signal, which, in contrast to the 
above mentioned known method intemiodulation in- 
terference detectk)n. does not require to change tuning 
and mute the receiver. 

[0008] A preferred embodiment of a receiver accord- 
ing to the invention is characterized In that the signal 
generator is coupled through inverting means to a mod- 
ulation signal input terminal of an amplitude modulator 
following said RF amplifying means. 
[0009] This measure neutralizes modulation of said 
signal output level with the gain control signal therewith 
preventing the effect of the gain vartatkxi on the signal 
output level of the analog signal processing means from 
becoming noticeable in the useful signal. 
[0010] Preferably, a delay circuit is coupled between 
the signal generator and said modulatbn signal input 
terminal of the amplitude modulator to compensate for 
the signal delay occurring in the amplifying means. 
[0011] Another preferred embodiment of a receiver 
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according to the invention is chara^^|ed in that the 
signal generator comprises arnHK modulation 
means to modulate the amplitude of said gain control 
signal with a bandwidth limited pseudo random modu- 
lation signal. 

[0012] By using a bandwidth limited pseudo random 
modulation signal for the gain control signal the ampli- 
tude modulation signal energy is spread over a wide fre- 
quency range therewith preventing said signal energy 
from reaching a hearing threshold level at one or more 
specific frequencies. 

[001 3] A further suppression of the amplitude modu- 
lation signal energy is achieved by limiting the amplitude 
of the gain modulation signal to 2 dB. 
[0014] For a cost effective realisation the amplifying 
means preferably comprise an controllable attenuator 
"preceaingeTBroadbar^ 

gain control temninal of the amplifying means providing 
a signal attenuation varying with said gain control signal. 
[001 5] In a further preferred emlxxJiment the frequen- 
cy selective means for channel selection comprise a 
mixing stage followed by an IF circuit for IF channel se- 
lection, an output of said IF circuit being coupled through 
said level detecting means to the first terminal of the cor- 
relator. 

[0016] In another preferred embodiment the inter- 
modulation interference indicative signal is visualised by 
supplying the same to a level indicator coupled to dis- 
play means for displaying the level of the intermodula- 
lion interference indicative signal, allowing the user to 
take adequate measures, e.g. change tuning or bwer 
the receiver gain. 

[0017] An automatic change in tuning is obtained by 
the use of a tuning oscillator supplying a local oscillator 
signal to the mixing stage being controlled by said 
processing means to change in frequency when the in- 
termodulation interference indicative signal exceeds a 
threshold value. 

[001 8] The above and other objects, features and ad- 
vantages of the present invention will become more ap- 
parent from the following description referring to the ac- 
companying drawings, in which a preferred embodiment 
of the present invention is shown by way of illustrative 
example. 

[0019] Figures la and lb are graphical diagrams il- 
lustrating the phenomenon of inlermodulatfon interfer- 
ence. 

Figure 2 shows the basic concept of intermodulation in- 
terference detection according to the invention. 
Figure 3 is a block diagram of a receiver according to a 
preferred embodiment of the present invention. 
[0020] Figures 1 a and 1 b are diagrams illustrating the 
phenomenon of internxxJulatbn interference, in which 
Figure la shows the differences in amplitude increase 
between a wanted first order signal s and unwanted sec- 
ond and third order intemrxxJulation products d2 and d3, 
respectively, as a function of the fieldstrength of the re- 
ceived RF frequency band. These higher order inter- 



modulation products are intermodulation in- 
terference between all RF^^Wer signals within the re- 
ceived RF frequency due to non-linearities in the signal 
processing within (the amplifiers, mixer and demodula- 
5 tor) of a receiver. Where wanted RF signals vary pro- 
portionally with variations in the reception fieldstrength. 
said higher order harmonic distortion components vary 
non linearty (i.e. to their order of harmonic distortion) 
with variations in the reception fieldstrength. 
10 Suppose RF carrier signals f 1 and f2 simultaneously oc- 
cur within the received RF frequency band as shown in 
Figure lb. Then intermodulation products occurring 
nearest to those earner frequencies f1 and f2, are a sec- 
ond order intermodulatkMi products d2 occurring at 
IS ti±f2, and two third order harmonic distortion compo- 
nents d3 occurring at respectively 2f1±f2 and 2f2±f1. 
Becausethere-are many-RF-carrier f requenctesrit will 

be dear that the occurrence of unwanted higher order 
harmonic distortk>n components within the received RF 

20 signal l>and is in practise unavoidable. The invention, 
however, makes use of the above difference in ampli- 
tude increase between the wanted RF signal and the 
unwanted higher order intermodulation products to dis- 
tinguish between wanted signals and unwanted inter- 

2S modulation products. 

[0021] Figure 2 shows the basic concept of a detec- 
tion according to the invention of intermodulation inter- 
ference occurring in analog signal processing means 
ASP. which may comprise various receiver circuitry as 

30 will be explained in more detail with reference to Figure 
3, The analog signal processing means ASP are gain 
controlled by means of a gain modulatkxi signal sup- 
plied from a signal generator 1 0 and modulating the am- 
plitude of an RF input signal with an incremental ampli- 

35 tude variation of 6x dB. The output signal of the analog 
signal processing means ASP is channel selected and 
Its level within the selected bandwidth is being meas- 
ured and supplied to a first input of a correlator 12. A 
second input of the correlator 1 2 is supplied by the signal 

40 generator 10 with the gain modulation signal. The cor- 
relator 12 provkJes an output signal at the occurrence 
of differences in amplitude variatkxi between the two 
signals at its first and second input terminal and increas- 
ing in amplitude at an increase of said differences. The 

45 greater said differences, the more dominant intermodu- 
lation products 26x, 3dx, .... occur at the second input 
terminal of the correlator 12. The output signal of the 
correlator 12 is therewith indbative for the internnodula- 
tion interference occurring in the analog signal process- 

so ing means ASP. 

[0022] Figure 3 shows a bkx:k diagram of a receiver 
according to a preferred embodiment of the present in- 
vention comprising analog signal processing means 1 -8 
having subsequently connected to antenna means A, 

55 an RF input stage 1 ; controllable RF amplifier means 2, 
3. comprising a controllable attenuator 2 and an RF am- 
plifier 3; frequency conversion and selective means 4. 
comprising a mixer 5 coupled to an IF filter 7. the mixer 
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5 being supplied with ^ local oscill^^^nal from a tun- 
able local oscillator 6; an amplitnBmodulator 8 fol- 
lowed by IF and audio signal processing means 9. In 
these analog signal processing means 1 -9 the RF re- 
ceiver input frequency band comprising a wanted RF s 
signal modulated on an RF carrier frequency is being 
supplied from the antenna means A to the RF input 
stage 1, comprising a passive, selective matching net- 
work, and subsequently broadband amplified in the con- 
trollable RF amplifier means 2, 3. An RF to IF conversion io 
of the wanted RF signal is provided in the mixer 5 by 
mixing the wanted RF signal with a local oscillator signal 
deviathg in frequency from the carrier frequency of the 
wanted RF signal over a frequency distance equal to the 
IF frequency. An IF selection of the so converted IF sig- *5 
nal is provided in the IF filter 7. Further processing of 



signal inverter 16 providi^^Ban inversion of the gain 
OKxlulation signal, to a coJ^wterminal of the amplitude 
modulator 8. If the signal level at the output of the IF 
filter 7, i.e. after being processed (i.e. broadband ampli- 
fied, frequency converted and selected) in the analog 
signal processing means 1-6 is predominantly deter- 
mined by the wanted. I.e. first order, signal, then the am- 
plitude variatbns caused by the gain modulation signal 
in the controllable RF amplifier means 2, 3 are complete- 
ly compensated by the inverse nrKxJulation of the IF sig- 
nal level occurring in the amplitude modulator 8. The lev- 
el detecting means 1 3, 1 4 then provide a zero level sig- 
nal to the first temninal of the correlator 1 2. The correla- 
tor 12 may in practise be formed by a signal multiplier, 
which in the given situation causes a zero level output 
signal to occur, which passes through the lowpass filter 



the IF signal into an audiostgnal suitable to be repro- 
duced In audible form is being provided In the IF and 
audio signal processing means 9. The processing of a 
wanted RF signal into an audb signal is on itself known 20 
and doesn't need further explanation for a proper under- 
standing of the invention. 

[0023] An output of the amplitude modulator 8 is cou- 
pled to intermodulation interference detection means 
10-15 comprising level detecting means 13, 14 having ^5 
a level detector 1 3 followed by a bandpass filter 1 4. The 
bandpass filter 14 is to select the amplitude modulation 
signal of the output of the level detector 1 3 and to block 
DC components eventually occurring therein. An output 
of the bandpass filter 1 4 is coupled to a first terminal of 30 
a correlator 12. The intermodulation interference detec- 
tion means 10-15 also comprise a signal generator 10 
for generating a gain modulation signal being coupled 
to a gain control terminal of the controllable attenuator 
2 of said controllable RF amplifier means 2, 3 as well as 
through a delay circuit 11 to a second terminal of the 
correlator 12. The delay circuit provides a signal delay 
corresponding to the signal delay occurring in the cir- 
cuitry 2-4, 8 of the analog signal processing means 1 -9. 
An output of the correlator 1 2 is coupled through a low- 40 
pass filter 15 to an output terminal of the intemnodulation 
interference detection means 10-1 5 for supplying there- 
to an intermodulation interterence indicative signal. 
[0024] According to the invention the gain modulation 
signal is used to vary the attenuatkxi of the attenuator ^ 
2 and therewith the overall RF signal gain of the control- 
lable RF amplifier means 2, 3. The amplitude variatbns 
of the RF signal at the output of the RF broadt>and am- 
plifier 4 resulting therefrom pass through the mixer 5 and 
I F filter 7 to an IF signal input of the amplitude modulator ^ 
8. In amplitude nrKxJulator 8 the IF signal is being varied 
in amplitude with the inverse gain modulation signal to 
remove the first order amplitude variations resulting 
from the gain modulation in the controllable RF amplifier 
means 2, 3. This is achieved by supplying the gain tnod- ss 
ulation signal from the signal generator 1 0 through a de- 
lay circuit 11, compensating for the signal delay occur- 
ring in the signal path including circuits 2-4. 8. and a 



15 to the output of the intermodulation interference de- 
tection means 10-15. 

[0025] However, if the signal level at the output of the 
IF filter 7 is predominantly determrod by unwanted 
higher order interrrK)dulation products, then the ampli- 
tude variations caused by the gain modulation signal in 
the controllable RF amplifier means 2, 3 of these un- 
wanted higher order intermodulation products are not 
completely compensated by the inverse nKxiulation of 
the IF signal level occurring in the amplitude modulator 
8. The remaining higher order amplitude variatbns are 
being detecting in the level detector 13, selected in the 
bandpass filter 14, and supplied to the first tenmlnal of 
the correlator 12. In the correlator 12 these remaining 
higher order amplitude variations are conrtpared (or mul- 
tiplied) with the gain modulatbn signal resulting in a DC 
signal having a signal level varying with the magnitude 
of said remaining order amplitude variations. After being 
selected in the lowpass filter 15, this DC signal is Indic- 
ative for the overall level of the intermodulation products 
occurring in the IF signal at the output of the IF filter 7. 
The intemnodulation interference indicative signal at the 
output temnlnal of the intermodulation interference de- 
tection means 10-1 5 is used in the receiver of Figure 2 
to initiate a change of the tuning frequency of the receiv- 
er to another wanted RF earner frequency. This is 
achieved by a tuning control signal generator 17 cou- 
pled to the output terminal of the intermodulatbn inter- 
ference detection means 10-15 supplying a tuning con- 
trol voltage to the local tuning oscillator 6 when the in- 
termodulation interterence indicative signal increases 
beyond a property chosen threshoki value. The tuning 
control signal generator 17 may comprise (not shown) 
ROS signal processing capabilities to allow the receiver 
to automatbally switch tuning to e.g. an alternative fre- 
quency (socalled AF switching). 
[0026] It may also be possible to display the intermod- 
ulation interference indicative signal in a numerbat or 
analog intermodulation Interference hdicator (not 
shown) indicating quantitatively the overall level of in- 
termodulation products in the received RF signal. 
[0027] To nnake the remaining amplitude variations af- 
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ter the compensation in the modul^^Mess noticeable 
in the reproduced audiosignal. the^j^l generator 10 
may be provided with amplitude modulation means (not 
shown) to modulate the amplitude of said gain control 
signal with a bandwidth limited pseudo random modu- 
lation signal. The use of such pseudo random modula- 
tion signal results in a spectral energy spread of the 
modulation reducing strongly the audbility of said re- 
maining amplitude variations. 
[0028] A further reduction in the audibility of amplitude 
variations is achieved by Ivniting the relative amplitude 
variations caused by the gain modulation signal to ap- 
proxinriately 2 dB. 

[0029] The invention is not limited to the forms of im- 
plementation as described above. For instance, the 
measures for reducing the audibility of the gain variation 
may allow to dispense witfTthe amplitude modulatoTSr 
Furthermore dependent on the required accuracy in the 
detection of intermodutation interference bandpass filter 
1 4 and/or low pass filter 1 5 may be dispensed with. 



Claims 

1. Receiver comprising analog signal processing 
means and intemiodulation interference detection 
means for detecting intemxxJulation interference 
occurring in said analog signal processing means, 
characterized in that an output of the analog signal 
processing means is coupled through frequency se- 
lective means for channel selection and level de- 
tecting means to a first terminal of said intermodu- 
lation interference detection means, a signal gen- 
erator for generating a gain modulation signal being 
coupled to a gain control terminal of said analog sig- 
nal processing means as well as to a second termi- 
nal of the intermodulation interference detection 
means, the intermodulation interference detection 
means comprising a correlator supplying an inter- 
modulation interference indicative signal at a detec- 
tion of differences in relative amplitude variations of 
the output signal of the level detecting means at the 
first terminal of the intermodulation interference de- 
tection means on the one hand and the gain mod- 
ulation signal at the second terminal of the Inter- 
modulation interference detection means on the 
other hand. 



Receiver according f^^V 1 * characterized in that 
the signal generator ^^Kises amplitude modula- 
tion nrieans to nrxxjulate the amplitude of said gain 
control signal with a bandwidth limited pseudo ran- 
dom nfKxJulation signal. 
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Receiver according to claims 1 and 4, characterized 
in that the amplitude of the gain modulation signal 
is smaller than 2 dB. 

Receiver according to one of claims 1 to 5, 
characterized in that the amplifying means com- 
prise an controllable attenuator preceding a broad- 
band amplifying stage coupled to the gain control 
terminal of the amplifying means providing a signal 
attenuation varying with said gain control signal 
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Receiver according to one of claims 1 to 6, 
characterized in that the frequency selective means 
for channel selection comprise a mixing stage fol- 
lowed by an IF circuit for IF channel selection, an 
output of said IF circuit being coupled through said 
level detecting means to the first temninal of the cor- 
relator. 

Receiver according to one of claims 1 to 7, 
characterized in that said processing means com- 
prise a level indicator coupled to display means for 
displaying the level of the intemxxiulation interfer- 
ence indicative signal. 

Receiver according to claim 7. characterized by a 
tuning oscillator supplying a local oscillator signal 
to the mixing stage being controlled by said 
processing means to change in frequency when the 
intermodulation interference Indicative signal ex- 
ceeds a threshold value. 



40 
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2. Receiver according to claim 1 , characterized in that 
the signal generator is coupled through inverting 
means to a modulation signal input terminal of an 
amplitude modulator following said RF amplifying 
means. 



50 



Receiver according to claim 2, characterized by a 
delay circuit coupled between the signal generator 
and said modulation signal input terminal of the am- 
plitude modulator. 
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